Soil bacteria Streptomyces produces the majority of the known antibiotics, many of the carotenoids and transcriptional regulators [18] [19] [20] . The research of the new antitumor antibiotics presents an important scientific problem because of the rise of drug resistant metastatic cells from the initial tumor [4] . The
natural pigments beta-carotene and lycopene play an important role as the antioxydants and biostimulators, and are widely used in the medicine, food industry and cosmetics [3] . The transcriptional regulators of Streptomyces are presented by a large number of the different chemical compounds providing their producers with the ability to form aerial mycelia, secondary metabolites and adapt to environmental conditions [18] .
The approach for solving the above mentioned problems includes the microbiological, biochemical, physical and molecular genetic methods.
Genetic control of the biosynthesis of the new antitumor antibiotic landomycin E and carotenoids, and molecular structure of the transcriptional regulator of antibiotic production and morphogenesis in Streptomyces globisporus 1912 were studied during last 5 years at the Department of Genetics of Microorganisms of the D.K. Zabolotny Institute of Microbiology and Virology of the National Academy of Sciences of Ukraine (IMV NASU) [12] [13] [14] [15] .
Present paper contains the main results dedicated the genetic control of landomycin E and carotenoid biosynthesis, and molecular structure of the new transcriptional regulator of S. globisporus 1912, obtained in the IMV NASU.
Materials and methods. Strains and media.
The initial wild-type strain S. globisporus 1912 was isolated from a soil sample from Armenia and stored in the Ukrainian Collection of Microorganisms at the Institute of Microbiology and Virology of NASU as the strain S. globisporus Ac-2098 [htpp://www.imv. kiev.ua/images/doc/catalog/UCM_catalog.pdf].
The following three derivatives of this strain were used in present study. The mutant strain 1912-2 was isolated by action of nitrosoguanidine on the spores and mycelium fragments of the strain 1912 [15] . It produces about 200 mg/L of the landomycin E and the new transcriptional regulator of antibiotic biosynthesis and morphogenesis in streptomycetes of diketopiperazine nature. The strain 1912-B2 is defective in landomycin E and regulator biosynthesis [12] . The strain 1912-4Crt is the spontaneous mutant of 1912, producing betacarotene (7.0 mg/L) and lycopene (3.24 mg/L). The strains S. griseus 773 and 1439, the producer of streptomycin, and the antibiotically and A-factor inactive mutant, respectively, were also used in this study [1, 6] . The mentioned streptomycetes were grown on liquid and solid minimal and corn-soy media [15] .
Purification of the A-factor and the new transcriptional regulator. The A-factor (2S)-isocapryloyl-(3R)-oxymethyl-γ-butyrolactone) and the unknown regulator were extracted from solid media with chloroform-acetone (2:1) and separated by thin layer chromatography on silica gel 60 F254 (Merck, Darmstadt, Germany).
Both regulators were further purified by HPLC using an HPLC/MS (Agilent Technologics, Germany) system with UV detector and a Zorbax Hypersyl ODS reversed phase column.
Absorption and NMR spectra of the regulator were measured at 125.707 MHz ( 13 C NMR) and 300. Results. Structure elucidation of the new transcriptional regulator. The strain 1912-2 produced the compound with Rf 0.4, which is absent in the extract of agar culture of the mutant strain 1912-B2. This compound, like the A-factor, restored the sporulation and antibiotic biosynthesis in S. griseus 1439 and S. globisporus 1912-B2 (Fig. 1) . HPLC and LC/ESIMS of the purified regulator gave a clear molecular ion signal at m/z 245 (M + H) + . NMR spectroscopy afforded the molecular formula of C 14 H 16 N 2 O 2 and the molecular structure of the new compound N-methylphenylalanyl-dehydrobutyrine diketopiperazine (MDD) ( Table 1 , Fig. 2 and 3 ). It is known that A-factor binds to the regulatory domain of the receptor proteine ArpA of S. griseus NRBC 13350 [5, 19] . S. globisporus 1912-2 contained arpA gene of 831 nucleotides, 92 % of which have identity with the sequence of the SGR_3731 gene encoding the ArpA protein in S. griseus NRBC 13350.
The high identity between the ArpA of 1912-2 and SGR_3731 genes explains the similar biological activity of A-factor and MDD. Both regulators bind to the receptor protein ArpA, causing its dissociation and consequently activation of transcription of the genes of the AdpA regulon, which control aerial mycelium formation as well as the biosynthesis of antibiotics and pigments.
Complete sequnence of landomycin E biosynthetic gene cluster. S. globisporus 1912 produced the red-orange antitumor antibiotic landomycin E, a member of the angucycline family antibiotics, occupied a prominent place among polyketides [9] . Landomycin E induces apoptosis in a G0-G1 phase of cancer cells, including those resistant to doxorubicin [8] .
The biosynthesis of landomycin E is encoded by the lnd-cluster which consists of 27 structural and 3 regulatory genes [2] . The complete sequences of 14 lnd genes of S. globisporus 1912 were established earlier [17] .
In the Department of Genetics of microorganisms of IMV NASU the determination of the sequences of all lnd genes of the landomycin E cluster from S. globisporus 1912 was finished. It included 20 previously unsequenced genes, and the cause of the lack of lnd genes expression in mutant strain 1912-4Crt was cleared up [14] .
The localization of the lnd genes in the assembled genome was identified with the BLAST program (www.ncbi.nlm.nih.gov/blast) using the information about sequences of lnd and lan genes available in GenBank. The sequences of the last 20 lnd genes of the landomycin E biosynthetic gene cluster from S. globisporus 1912 were identified and localized in the contig 220/23 on the basis of high identity (94-95 %) with the lnd genes from the metagenomic clone AZ97 (GenBank HQ828984). Comparison of the above mentioned lnd genes and lan genes, encoding biosynthesis of the landomycin A in S. cyanogenus S136 (GenBank AF080235), showed a lower degree of homology (identity 80-85 %).
Characteristics of the lnd and lan genes from the three different clusters are presented in the Table 2 . The genetic organization of the landomycin E biosynthetic gene cluster from S. globisporus 1912 is presented in the Fig. 4 . The new response regulatory gene lndRR was identified. The genes lndRR and lndY1 belong to a putative two-component system involved in the regulation of landomycin E biosynthesis. The gene lndRR in the strain 1912-4Crt has a deletion of 86 bp, from 31702 to 31787 bp (GenBank KJ645792) resulting in a strain deficient in landomycin E biosynthesis.
Complete sequence of the carotenoid biosynthetic gene cluster. Genetic study of the representatives of different species of Streptomyces showed the presence of the carotenoid biosynthetic gene clusters in their genomes in the functionally inactive state. Activation of the transcription of these The break between contigs 478 (lndI) and 220/23 (lndE) consists of 6 bp (5`-CGTCCG-3`).
cryptic crt genes in S. coelicolor A3(2) and S. griseus IFO 13350 requires induction of a stress-responsible sigma factor by illumination the culture with blue light [19] or increasing copy number of a crtS gene [10] . In some rare cases the carotenoid producing mutants can appear in a spontaneous manner in S. globisporus 1912 [11] and S. albus J1074 [16] . Complete sequence of the carotenoid biosynthetic gene cluster in the strains 1912-2 and 1912-4Crt, defective and active producers of carotenoids, correspondingly, will give answer on the mechanism of activation of the carotenoid biosynthesis.
The genomes of the strains 1912-2 and 1912-4Crt were sequenced by Illumina. Identification of the crt genes in the contigs was carried out by means of the BLAST tools using the sequences of crt genes of different Streptomyces species present in GenBank ( Table 3 ). The sizes of crt genes of streptomycetes are approximately equal with the exception of the smaller length crtI of S. coelicolor A3(2) and crtB of S. albus J1074. Products of the crt genes: crtE -geranylgeranyl pyrophosphate synthase, crtI -phytoene synthase, crtB -phytoene dehydrogenase, crtV -methylesterase, crtU -dehydrogenase, crtT -methyltransferase, crtY -lycopene cyclase.
There is a considerably greater difference between the homology of crt genes. All crt genes of S. globisporus 1912 have very high identity with the corresponding crt genes of S. griseus NRBC 13350 (92-95 %). There is also similarity between all crt gene clusters in organization and direction of transcription. These clusters are presented by two convergent operons (Fig. 5) . The main result of our study was the discovery of the deletion of 117 bp in the crtY gene coding lycopene cyclase. The length of crtY in 1912-2 strain with the silent crt gene cluster was 1239 bp, whereas in 1912-4Crt strain, producing beta-carotene and lycopene, it was reduced to 1122 bp. The crtY gene in the strain 1912-2 has two non-punctual repeats (NPRs) of 21 bp, flanking the sequence of 96 bp. The deletion begins from 669 bp and last to 785 bp. Both repeats are not identical.
NRP from 3`-side of the (+) DNA strand contained four base substitutions (underlined letters) ( Table 4 ). The first 6 bp from the 5`-side are the same in both NRPs (GGGGCG) and may be the site for site-specific recombination resulting in the deletion of the NRP from 3`-side and the flanking sequence of 96 bp. The rearranged crtY gene in the strain 1912-4Crt has 1122 bp and only one NRP with the overlapping stop-start codon TGATG [CATCA in the (+) DNA strand]. herefore we can propose the hypothesis that the spontaneous deletion of 117 bp in the crtY gene leads to activation of the carotenoid production in the mutant strain 1912-4Crt. The output of the carotenoids after culture growing in the shake flasks in corn-meal medium was high, 6.91 mg/l of beta-carotene and 3.24 mg/l of lycopene. The level of the produced lycopene was increased to 50.9 mg/l in the selected mutant 1912-7Hp, the spontaneous derivative of 1912-4Crt. These strains present technological interest as possible candidates for further improvement of the carotenoid production. 
